NMIJ has issued CRMs for trace elements in fish tissues, seaweed, rice flour, tea leaf powder, and soybean powder. Considering the fact that the consumption of milk-related food takes up approximately 11% of the total food consumption in Japan, 15 milk-related CRMs are required for quality control in the analysis of food samples. Development of milk-related CRMs in Japan are still required even though milk powder CRMs such as GBW 08509 (non-fat milk powder) and NIST SRM 1849a (infant/adult nutritional formula) are being issued respectively by NIM and the National Institute of Standards and Technology (NIST, USA). In the present work, the first milkrelated CRM by NMIJ, i.e. NMIJ CRM 7512-a, was developed for ensuring quality control in determining the elements in milk powder or similar matrices for food safety management and other relevant purposes. Because the analytical methods developed for previously reported CRMs were confirmed to be effective for the present CRM, the investigation of experimental conditions was mostly carried out to the dry-mass correction factor. The present paper reports the details on the development of this CRM, including the preparation of the cand. RM, the homogeneity test, investigation on the dry-mass correction factor, confirmation of the validity of the analytical methods, and calculation of the property values and the uncertainties. 
Introduction
As one of the units of the National Institute of Advanced Industrial Science and Technology (AIST), the National Metrology Institute of Japan (NMIJ) has developed various certified reference materials (CRMs) for chemical composition, elemental concentration, and chemical speciation. [1] [2] [3] [4] [5] [6] [7] [8] [9] In recent years, NMIJ has provided proficiency tests using the candidate reference material (cand. RM) prior to issuing CRMs. 8, 10 Co-analysis, co-validation, and sharing of the cand. RMs have also been carried out by NMIJ in cooperation with the national metrology institutes of China and Korea, i.e. National Metrology Institute of China (NIM) and Korea Research Institute of Standards and Science (KRISS), respectively. 8, 10 Thirteen nutrient elements including Na, Ca, and P are listed in the dietary reference intakes set by Japan. 11 On the other hand, As, Cd, Pb, Sn, and methyl Hg are regulated by the General Standard for Contaminants and Toxins in Foods (GSCTF) 12 proposed by the Codex Alimentarius Commission of the Food and Agriculture Organization (FAO) of the United Nations and the World Health Organization (WHO). These facts indicate that the analyses of the elements in food samples are routinely required around the world. Analysis of CRMs with the similar matrix to a sample to be analyzed is an effective way to ensure quality control of the analytical results of the sample. 13 In order to meet the requirements on CRMs in food and environmental analysis, the present authors' group has been developing CRMs for the determination and/or the chemical speciation of the elements in food and environmental samples based on the NMIJ's management system in compliance with International Standards Organization (ISO) Guide 34:2009 13 and ISO/IEC Guide 17025:2005.
A certified reference material (CRM), NMIJ CRM 7512-a, was developed for the determination of trace elements in milk powder. At least three independent analytical methods were applied to characterize the certified value of each element; all of these analytical methods were based on microwave acid digestions and carried out using different analytical instruments. The certified value was given on a dry-mass basis, where the dry-mass correction factor was obtained by drying the sample at 65 C for 15 , where the numbers in the parentheses are the expanded uncertainties with a coverage factor of 2. The expanded uncertainties were estimated considering the contribution of the analytical methods, the method-to-method variance, the sample homogeneity, the dry-mass correction factor, and the concentrations of the standard solutions for calibration. 
Experimental
Preparation of the cand. RM The cand. RM was prepared by KRISS and was provided to NMIJ in one of the projects of the Asian Collaboration on Reference Materials (ACRM) program constructed by NMIJ, NIM, and KRISS. KRISS tried its best to prevent possible contamination of trace elements during the preparation of the present cand. RM, including performing the preparation in a clean space and using Teflon-coated parts for grounding, sifting, and blending in the preparation.
As the raw material, approximately 59 kg of infant formula milk powder was purchased from a company producing commercial infant formula milk powder. The quality of the present raw material was equivalent to the commercial products for 6-month-old infants. The raw material of the milk powder was ground at 12000 rpm using a laboratory mill with a 0.5-mm sieve ring and a rotor containing 12 titanium-ribs. The ground milk powder was sieved using a vibrating sifter with nylon sieve-mesh to collect the milk powder with particle sizes in the range of 50 to 250 μm. The milk powder was further homogenized using a Teflon-coated V-blender at 20 rpm for 10 h, after which approximately 54 kg of homogenized milk powder was obtained.
The 120 mL wide-mouth amber glass bottles were prewashed by cleaning with tap water, soaking in 2 mol L -1 nitric acid overnight, then cleaning with distilled water. After further soaking in distilled water for one day and rinsing with distilled water, the bottles were dried in a clean hot air circulating dryer. After that, the homogenized milk powder was bottled with approximately 40 g in each numbered bottle. The bottles were tightly sealed with heat-shrinking tubes and then irradiated with 25 kGy 60 Co γ-ray for sterilization prior to storage at room temperature.
Labeling was carried out by NMIJ followed by vacuum packaging in individual transparent plastic bags.
Instrumentation
Analyses of the cand. RM were carried out with an inductively coupled plasma mass spectrometer (ICP-MS, Agilent 7700x), a high-resolution ICP-MS (HR-ICP-MS, Element 2), an inductively coupled plasma optical emission spectrometer (ICP-OES, Optima 7300 DV), a graphite-furnace atomic absorption spectrometer (GF-AAS, Unicam Solaar 989) and a flame atomic-absorption spectrometer (FAAS, AAnalyst 800). The operating condition of each instrument was optimized daily according to the operating manual for the development of NMIJ CRMs. Two microwave digestion instruments, MLS1200-mega and Ethos 1 (Milestone General K.K.), were used for acid digestion of the samples.
The isotopes measured by mass spectrometers and the wavelengths measured by the optical spectrometers are summarized in Table 1 . The measurements of isotope dilution (ID-) ICP-MS and flame atomic-emission spectroscopy (FAES) analysis were carried out by using Agilent 7700x and AAnalyst 800, respectively.
Chemicals
Single-element standard solutions were purchased from Kanto Chemical Co., Inc. (Tokyo, Japan) to prepare the calibration standards for each element. All of the standard solutions were guaranteed by the Japan Calibration Service System (JCSS) except for Y, which was for atomic absorption spectrometry purposes. Ultrapur ® HNO3, H2O2, HClO4, and HF were also purchased from Kanto Chemical Co., Inc. and used for digestion of the samples and for making measuring solutions. 
Dry-mass correction factor
All of the certified values and the information values for the elements were given on a dry-mass basis. After optimization of the drying condition, the dry-mass correction factor was obtained by drying the samples in an oven at 65 C for 15 to 25 h. The weighing for determining the dry-mass correction factor was carried out using 0.3 g of the cand. RM for each sub-sample, which was in parallel to the weighing for the microwave acid digestion of each sub-sample to determine the property values.
Apparatus for processing the samples and the microwave digestion procedure
Polypropylene sample bottles, single-use Eppendorf micropipette tips, and PTFE digestion vessels used in the present work were cleaned in the same way as that previously reported for the development of a tea-leaf powder CRM. 8 All of the certified values and information values were obtained based on microwave acid digestions with dry-mass correction. The two-step microwave acid digestion procedure was carried out in the same way as that reported for the development of tea-leaf powder CRM, 8 except for that 0.3 g of the cand. RM was used for each sub-sample while 0.5 g of the sub-sample was used in the development of tea-leaf powder CRM. The acid used in the first step and the second step were HNO3:H2O2 = 5 mL:2 mL and HNO3:H2O2:HF = 1 mL:1 mL: 0.5 mL, respectively. The maximum temperatures in the first step and in the second step were 150 C and 220 C, respectively. Validation of the present microwave acid digestions was done by analyzing the NIST SRM 1549 with ICP-MS and by a co-analysis in a project of the ACRM program. Blank tests were carried out parallel to the sample treatment in each batch of microwave acid digestion, where the equivalent volume of acid to the sample was added to each blank digestion vessel, and the blanks were subjected to the same digestion procedure as the samples.
Homogeneity test and stability test
A homogeneity test was carried out for the present cand. RM following the ISO Guide 35:2006. 16 Based on the test results, the between-bottle variance (sbb) and the possible between-bottle variance incorporating the influence of analytical variation (ubb) were calculated in a similar way to that reported in the development of a tea-leaf powder CRM. 8 A larger value of sbb and ubb was considered as the standard uncertainty of bottle-to-bottle homogeneity. Furthermore, the uncertainty of in-bottle homogeneity (uin-b) was estimated based on:
In Eq. (1), MSwithin is the within-bottle mean square obtained from the analysis of the variance (ANOVA) of the test results, while s is the standard uncertainty resulting from the residual standard deviation of the elemental signal intensities for the calibration standards obtained by ICP-MS (analytical method used for homogeneity test). A stability test was carried out for the present cand. RM prior to the characterization of the CRM. The test lasted 13 months and was performed by ICP-MS after microwave acid digestion.
Uncertainty estimation in characterization analysis
Uncertainty estimation in characterization analysis was carried out following the ISO/IEC Guide 98-3:2008 17 and the EURACHEM/CITAC Guide CG 4.
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The calculations were carried out in a similar way to that used in the development of a tea-leaf CRM. 
Results and Discussion

Validation of the methods
The NIST SRM 1549 was analyzed by ICP-MS to validate the present methods for measuring the elements in milk powder samples, where the dry mass correction was carried out following the instruction given by the certificate. The results are summarized in Table 2 . As seen from Table 2 , the observed values agreed with the certified values or the reference values very well, except for those of Rb and Cu. It is noteworthy that uncertainty values were not provided for the reference values of Rb and Mo in the NIST SRM 1549. Therefore, the difference between the observed and the reference values of Rb was acceptable. In addition, the observed value of Cu was significantly lower than the certified value considering their expanded uncertainties. The difference of Cu values could be partly attributed to the fact that only one digit was provided for the certified value.
Furthermore, a co-analysis of Fe, Cu, and Zn in the present cand. RM was carried out by NMIJ, NIM, and KRISS in a project (Action No. 13) of the ACRM program. The results are plotted in Fig. 1 . It can be seen from Fig. 1 that the results of Cu obtained by KRISS and NMIJ were in agreement with each other. The results of Fe and Zn obtained by KRISS, NMIJ, and NIM were also coincident with one another taking into consideration the expanded uncertainty of each value. These results confirmed that the present methods were valid for the determination of the elements in milk powder samples.
Drying conditions for obtaining the dry mass correction factor
Desiccation with reagents such as P2O5 and CaSO4 are effective for obtaining a dry mass correction factor for solid samples. 18 However, the desiccation with such reagents often requires a desiccation time of over one week. In the present work, drying conditions with an oven were optimized to get a dry mass correction factor, in a relatively short time, that was equivalent to that obtained with desiccation using the reagents.
The dependence of the dry mass correction factor on heating time by an oven was investigated and the results plotted in Fig. 2(a) . It can be seen from Fig. 2(a) that the results obtained after heating over 15 h were coincident with one another considering the uncertainty of each value, while the result obtained by heating for 2 h was relatively higher. In order to obtain a stable dry mass correction factor using an oven, the heating time was kept between 15 to 25 h in the following experiment. When the heating time was fixed, the dry mass correction factor obtained using an oven depended on the heating temperature. The dependence of the dry mass correction factor on the oven heating temperature is plotted in Fig. 2(b) . It can be seen that the dry mass correction factor obtained by oven decreased with an increase in the heating temperature.
Desiccation using the desiccating reagents was carried out at 25 C. As a result, the dry mass correction factor obtained with the desiccating reagents depended on the desiccation time. The dependence of the dry mass correction factor on the desiccating time with the desiccating reagents is plotted in Fig. 2(c, d) . The results in Fig. 2(c) showed that the dry mass correction factor obtained by P2O5 decreased with an increase in the desiccation time, while a stable value was not reached even after desiccated for 55 days. By contrast, the dry mass correction factor obtained by desiccation with CaSO4, as shown in Fig. 2(d) , decreased with an increase in the desiccation time and reached the minimum value at 21 days, after which the dry mass correction factor increased slightly with an increase in the desiccation time. This increase of the dry mass correction factor might indicate that some water content was absorbed by the dried milk powder from the CaSO4 reagent. It can be seen from Figs. 2(b) and 2(d) that the dry mass correction factor obtained by heating at 65 C with an oven is equivalent to the minimum of that obtained by desiccation with CaSO4.
From the results of the investigation of drying conditions for the dry mass correction factor, drying at 65 C for 20 h using an oven was chosen as the optimum condition. Using this condition, the value of dry mass correction factor was coincident with the value obtained by desiccation for 21 days using CaSO4 as the desiccating reagent. Furthermore, the dry mass correction factors obtained by heating at 65 C for 15 h and 25 h were in correlation with that obtained by heating for 20 h. As such, heating at 65 C for 15 h to 25 h was determined to be the optimum drying condition to obtain the dry mass correction factor for the present cand. RM.
The results of the homogeneity test and the stability test
The standard uncertainty due to homogeneity, uhom, was calculated as the root of the squares sum of the standard uncertainty due to the bottle-to-bottle homogeneity and that due to the in-bottle homogeneity. The values of sbb, ubb, ub-in and uhom for each element are summarized in Table 3 . It can be seen from Table 3 that the values of uhom for the elements were less than 2%, which were considered in the calculation of the combined standard uncertainty of each property value in the Fig. 2 The dry mass correction factors obtained by drying with an oven and those by desiccation with desiccating reagents. a, Dependence of the dry mass correction factor on heating time at 55 C using an oven; b, Dependence of the dry mass correction factor on heating temperature for 20 h heating in the oven; c, Dependence of the dry mass correction factor on desiccation time using P2O5 as the desiccating reagent; d, Dependence of the dry mass correction factor on desiccation time using CaSO4 as the desiccating reagent. Bar, expanded uncertainty, k = 2.
following text.
The results of a 13-month stability test showed that the concentration values for each element were coincident with one another and significant variance of the concentrations was not observed. These results indicate that all of the elements investigated in the present cand. RM were stable. Therefore, the uncertainty of the stability was not considered for calculation of the combined standard uncertainty of each property value. Monitoring of the stability will be carried out once every three years after issuing the CRM.
Analytical results and property values of the elements
At least three independent analytical methods were applied to each element to obtain a property value. The analytical results of the elements are summarized in Table 4 , along with each property value calculated as the weighted mean of the analytical results of the methods. The reciprocal of the intrinsic uncertainty of each method was applied as the weight for its result to calculate the weighted mean for each element.
The analytical results in Table 4 are given as mean ± expanded uncertainty, where the value of coverage factor k for the expanded uncertainty was 2, giving a level of confidence of approximately 95%. The results obtained by different methods for each element were coincident with one another considering their expanded uncertainties.
Calculation of the combined standard uncertainties of the property values
The major contributions to the combined standard uncertainties (uc) of the elemental property values in the present cand. RM were homogeneity (uhom), the analytical method (uanal), the method-to-method variance (umeth), the concentration of the elemental standards (ustd), and the dry mass correction factor (udry). The relative values of the major contributing factors and those of the combined standard uncertainties are summarized in Table 5 .
The values of uhom were calculated based on the results of the homogeneity test. Each value of uanal was calculated on the basis of the weighted mean with the reciprocal of the uncertainty of each result as a weight. The values of umeth were obtained by ANOVA of the results obtained by various methods for each element, where the estimation of umeth was similar to that of sbb in the homogeneity test. The ustd values were obtained from the JCSS guaranteed certificates of the elemental standards. The udry values were calculated as the variance of the dry mass correction factors obtained at 55 and 65 C considering the temperature variation in commercial ovens. In Table 5 the values of uc are in the range from 1.45% for Ba to 3.45% for Fe, which are low enough for quality control in analysis of food samples.
Certified values of the elements in the NMIJ CRM 7512-a
The certified values of the elements in the NMIJ CRM 7512-a are summarized in Table 6 . It should be noted that the certified value for each element was shown as property value ± expanded uncertainty, where the property values were equivalent to those in Table 4 . The expanded uncertainty for each element was calculated from the property value and the relative value of uc in Table 5 with a coverage factor of 2. The certified values of the elements in NMIJ CRM 7512-a cover a range from 0.223 mg kg -1 of Mo to 8.65 g kg -1 of Ca. It is well known that As, Cd, Cr, and Pb are harmful elements to human health and that the analysis of these elements are often required for food samples. 
Conclusions
The concentrations of thirteen elements, i.e. Ba, Ca, Cu, Fe, K, Mg, Mn, Mo, Na, P, Rb, Sr, and Zn, in NMIJ CRM 7512-a were characterized for the determination of trace elements in milk powder. Each dry-mass based certified value of the present CRM was obtained by using at least three independent analytical methods based on microwave acid digestions. The expanded uncertainties of the property values were estimated considering the contribution of the analytical methods, the method-to-method variance, the sample homogeneity, the dry-mass correction factor, and the concentrations of the elemental standard solutions for calibration. The concentrations of As, Cd, Cr, Pb, and Y were given as information values for the present CRM. 
